I977), and especially the OECD international linkage model (OECD, I979).
The OECD model is explicit in its concern to capture 'the transmission of economic impulses from one OECD country to another' and to 'focus on the international linkage process'.' The same is perhaps true of the several other models of world trade, of which the ten-region model by Thorbecke and Field (I 9 74) is a most notable example. Goodwin (1 983) has adapted their estimates in order to examine the balance of payments effects, internationally, of demand expansions originating in individual country blocs. He also considers the international transmission of inflation, again using a linear multiplier model based on five country blocs which together comprise the world economy.
The present paper should be viewed against this background and is an attempt to analyse further the nature of linkages between systems. It arises from three particular motivations. First, it is a consequence of some work on a social accounting matrix (SAM) framework for Malaysia which explicitly incorporates a regional dimension.2 This framework describes the magnitude and nature of the various transactions between and within East Malaysia and peninsular Malaysia. However, in conjunction with this is a second motivation, which is to seek a regional extension of a multiplier decomposition methodology previously developed to determine some particular relationships between output, factor demands and income (Pyatt and Round, I979). The regional extension is, of course, to attempt to identify specifically regional components of a multiplier matrix, a matrix which in general depicts the effects of exogenous outlays on endogenous incomes within the system as a whole. All of this rests on an ability to recognise income and expenditure loops both between and within the regions of the system. Previous work especially relevant to this paper is contributions by Miller (I966; I969), Yamada I. (I96I) and Yamada H. and Ihara (I968). Although concentrating exclusively on input-output multipliers and commodity trade, these authors established the kernel of a more general enquiry into the nature of inter-regional and international linkages. More recently, and still within the context of regional input-output analysis, in a previous paper (Round, I979) I have shown the potential importance of feedback effects within interdependent systems as well as the importance of paying particular regard to the accounting constraints of the system as a whole.
The rest of this paper is organised into five sections. The next section sets out an aggregate SAM framework for Malaysia, and is included to illustrate the nature of a regional accounting framework which embraces a broader set of accounts and transactions than would be captured by input-output. Although principally provided for illustrative purposes, it does have the added advantage that it is a two-region system, and multiplier decomposition is particularly simple when only two regions are involved. Section II develops the analysis for this case. At the heart of some of the particular complexities of decomposing regional multipliers is the existence of two-way trade in the 'same' commodity, or more generally, two-way transfers between regions which are classified within the same functional account. Section III considers this question as it relates to two-and three-region systems and, with this as a basis, section IV extends the regional multiplier decomposition to three regions. In this section we also note some of the difficulties in extending this analysis to higher-order regional systems.
I. A REGIONAL SAM FOR MALAYSIA
The development of regional accounting systems in general, and an accounting framework appropriate to the geographical relationships between East and West Malaysia in particular, are more fully discussed elsewhere (Pyatt and Round, I984). For present purposes it will suffice to show only the resulting framework, together with a brief explanation of some of the statistical entries. This should assist in understanding the accounting structure on which the analytical work in later sections will be based. The social accounting matrix (SAM) for Malaysia has eleven principal accounts, including two accounts relating to current and capital transactions with the rest of the world. For each region, considered as part of an integrated regional system, each of the nine own-region 'domestic' accounts records incomes and outlays wholly within the region as well as the origin of receipts and the destination of payments externally. The external transactions are recorded in some detail between the region and other regions, and the rest of the world. Essentially embracing concepts enunciated by Stone (I96I), a distinction has been drawn between functional flows (transactions) and geographical (interregional) flows. Thus, all transactions between different (functional) accounts are represented as taking place within each region. Inter-regional flows in the accounting system therefore represent transfers which simply augment the receipts of an account in one region and simultaneously deplete the same (functional) account in the other region. Table I shows an aggregate version of the regional SAM for Malaysia. It can be seen that the inter-regional blocks are diagonal submatrices, and although the recorded entries are small relative to those elsewhere in the matrix, in this instance they happen to be the estimated inter-regional transfers which fulfil the augmenting role described earlier. In summary, therefore, this way of representing regional accounts allows the functional and geographical elements of transactions to be clearly distinguished.
In more disaggregated versions of this matrix, such as commodity disaggregations of trade flows, the diagonality of the inter-regional matrices is maintained, although their overall dimensions are increased.' Partly as a result of a relatively small amount of regional interdependence, and partly due to assumptions made in unscrambling rather meagre data sources, some of the inter-regional transfers are recorded zeros.2 These are different from definitional zeros, which are shown as blank diagonal entries in the inter-regional submatrices in The multiplier decompositions, established in Pyatt and Round (I979), were designed to show some of the separable effects and linkages which may take place between designated endogenous accounts of an economic system. In that study the chosen endogenous accounts were factors of production, households and the production accounts, while the consolidated capital, external and non-household institution (such as government) current accounts were designated as exogenous accounts. By endogenising households as well as factors and production, the impact multiplier M of exogenous outlays x on endogenous incomes y, represented as y = Mx (I) captures the reciprocal relationship between income distribution and the structure of production. But it can further be shown that M can be multiplicatively decomposed to give where y is the vector of endogenous account totals and 6 a scalar of total receipts and payments by the exogenous account. Thus, defining
where A is a matrix of average propensities with respect to income across the broad group of endogenous transactions, it follows that y = (I-A)-lx = Mx.
Alternatively, under the assumption that prices are fixed, and with information about the extent to which expenditure elasticities differ from unity, A can represent marginal expenditure propensities and consequently M is an ex ante impact multiplier showing the effect of exogenous injections x on endogenous incomes y at given prices. Extending the basic SAM and decomposing multipliers further according to a regional dimension means that attention will be focused on the patterns of inter-regional trade and transfers.
It will be expositionally more convenient to use average propensities for deriving ex ante multipliers although there are additional difficulties with this assumption at the regional level beyond those already recognised for an individual economy.1 The starting point of the analysis is a two-region system, which enables the regional SAM for Malaysia to be used for illustrative purposes. The choice of endogenous and exogenous accounts will be essentially similar to that in Pyatt and Round (I979) referred to earlier. Hence the wants, factors, household (current) and commodities production activities accounts are designated as being endogenous, while all other accounts (government and companies current accounts, consolidated capital accounts and the rest-of-world accounts) are combined into a single exogenous account. Table 2 illustrates this reorganisation and consolidation of the SAM for Malaysia. 
The analytical structure of S would be maintained even if the endogenous accounts were disaggregated further into say, separate factor, household or 1 Within the context of a fixed price model this creates no special problem: marginal coefficients can be obtained via expenditure elasticities as indicated above. But the analysis is still limited by the fixedprice assumption, and for regional systems this implies that relative prices between regions are also fixed which, in turn, implies that exchange rates are fixed. The latter assumption may not be too serious for regions within a country or within the same currency area, but for broader geographical regions and different countries this could be especially restrictive. 
III. CROSS HAULS AND INTER-REGIONAL CLOSED LOOP MULTIPLIERS
In the two-region multiplier system discussed in the previous section, the second multiplier matrix, referred to as an inter-regional closed loop multiplier matrix, was expressed as This has some interesting features, especially in so far as it relates to the phenomenon of 'cross-hauling' of commodities between regions, although it is more general and relates to all inter-regional transfers. To simplify exposition in this and subsequent sections it will prove convenient to limit endogeneity to some disaggregation of the production accounts, so that M is now essentially a matrix of input-output multipliers. Cross-hauling is defined as the occurrence of trade flows of the 'same' commodity in two geographical directions. It might be argued that cross-hauling is observed only as a result of economic inefficiency. But even in a world of economic efficiency and full information, cross-hauling could still arise from one or more of three kinds of aggregation within the production accounts. These may be termed commodity, spatial and intertemporal aggregation factors.' The first reflects the fact that however finely the line is drawn between accounts there may be some qualitative differences between ostensibly similar commodities produced in different plants and locations. Spatial aggregation factors arise because regions are rarely (if ever) point-economies. So for a particular spatial configuration of sources of supply and demand it is possible for it to be more efficient for requirements in region A to be supplied by region B, and those of B by A. Finally, transactions are recorded during a particular time period, usually of one year duration. Hence, because of seasonal factors two-way shipments may occur during that time period. Bearing in mind these possibilities, it is of interest to see how bilateral cross-hauling is captured in the multiplier M3. THE ECONOMIC JOURNAL [JUNE MK3 is block diagonal. It is a multiplier matrix because Mr3 > I, with strict inequality between corresponding elements arising if either or both of D12D21 and D21D12 exceeds zero. Now because of the structures of D12 and D21 (see equation (14)) both D12D21 and D21D12 are likely to exceed zero, and the diagonal elements of Mr3 may exceed unity. These diagonal elements are the own-region own-commodity multiplier effects of exogenous outlays. Part of this multiplier may be due to cross hauls if corresponding elements of a12 and a2l were non-zero; but the remainder would be due to the nature of system linkages which might give non-zero diagonal elements in D12D21 or D21D12, or, even failing that, in higher-order interactions such as (D12D21)2, (D12D21)3, . ...
For two-region systems, the cross-hauling phenomenon is especially simple (two-way trade between two regions) even though this may account for only part of the total own-commodity inter-regional closed loop multiplier. However, for third and higher-order regional systems, the nature of the cross hauls is more complex. In addition to what may be termed 'bilateral' cross hauls, there can be multilateral cross hauls between three or more regions. To view this more closely, consider a three-region system, whose SAM corresponding to (7) would be where, in each case, tij > o. We see that X1 and X2 are circular permutation matrices, so in this case there are circular shipments of the commodity around the system. It is in this sense that multilateral cross hauls may be said to exist, even though bilateral cross hauls are ruled out. If, on the other hand, X3 emerges then there are no bilateral or multilateral cross hauls left in the system. This digression on the nature of cross hauls serves two purposes. The first is to show that, in the two-region case, the inter-regional closed loop multiplier arises partly as a direct result of bilateral cross hauls and partly as a result of complex feedbacks which take an injection into a particular regional commodity account around the regional system and back to source. The second is that a two-region system is likely to be a special case, and with third-and higher-order region (and similarly for E2) it means that there are two ways of going from i toj, either directly, or indirectly via k. These are terms included in the expansion of (29 
In summary, therefore, the overall impact multiplier for the three-region system may be expressed, through the combination of (24), (28) and (32), as
Thus the impact multiplier may be decomposed into four separate multiplier components, each having a particular interpretation regarding system linkage.
However, there are two problems with the derivation of (33) which might limit its usefulness as a regional augmentation of the M3 M2M1 decompositions for single economies. The first problem is that although there is just one way in which a two-region system may be decomposed, for three or more regions the decomposition is not unique. When equation (29) was expressed in terms of E and F, a route was implicitly chosen to work the repercussions around the system. Thus, interchanging E and F gives an alternative expression for the three-region decomposition. However, if either E or F is zero, which would be a special case of the situation when bilateral cross hauls do not exist, then the decomposition is not only unique but obviously simplifies to the well-known structure of M3M2Ml. The second problem, not unrelated to the first, is that the decomposition becomes hard to generalise for higher-order regional systems. For r regions the number of primary circuits equals (r -i)! and the secondary circuits in the hierarchy begin to assume importance as r increases beyond 4. Hence it becomes difficult to spot the natural extensions of (30) and (31) for higher-order systems.
V. CONCLUSION
This paper has attempted to extend the Pyatt and Round multiplier decompositions for the case where interdependent regional systems are involved. Although for expositional convenience the analysis in Sections III and IV has focused on commodity trade and input-output multipliers, the structure of the SAM presented in Section I and the subsequent computations clearly show that the analysis generally extends to those cases where more than the production accounts are endogenised. Thus the ultimate aim of the analysis could be thought of as one of decomposing the impact multiplier linking exogenous outlays to endogenous incomes into a multiplicative series of functional and geographical components, thereby attempting to identify the relative contributions to the total impacts which can be accounted for by the separate transfer, open and closed loop multipliers in both the geographical and functional domains. For two regions this can be achieved quite nicely; for three regions, as shown in the previous section, there is some limited success; but for higher-order systems the problem has not been successfully dealt with by the approach suggested in this paper. Regrettably from the point of view of implementation most of the empirically based system models, such as the UN world model, the OECD model, and the ThorbeckeField model, and many of the sub-national regional models, do include relations between more than three geographical areas. Nevertheless, there is a measure of success in that analysis does go some way towards understanding more about the nature of structural interdependence between economic systems involving two or three regions.
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